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(54) SULFONIC ESTER DERIVATIVES, PROCESS FOR PREPARING THE SAME, AND USE 
THEREOF 

(57) Novel and useful optical active 2-araJkyj-3-sul- 
fonyloxy-1 -propanol and 2-aralkyt-3-sii!fonyiaxyprapi- 
onjc acid are provided by using an optica] active 2- 
aralkyl-3-acylcxy-1 -propanol as a starting materiaL Fur- 
thermore, an optical active 2-am!kyl-3-thiopropionic 
acid, which is an important intermediate of enkephaii- 
nase inhibitor, is provided According to the present 
invention, industrially useful optical active sulfonic acid 
ester derivatives can be provided. 
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Description 

Technical Field 

[0001] The present invention relates to sulfonic acid ester derivatives, method for the production thereof and use 
thereof. 

Background Art 

[0002] As lenitive medicines developed recently, an enkephalinase inhibitor is known. This inhibitor contains a struc- 
ture derived from 2-aralkyl-3-thiorxopionic acid. The stereo-specificity of the 2-position of this structure is known to influ- 
ence tha expression of pharmaceutical action. For example, it is descrfoed in European Laid-Open Patent Publication 
EP-A-0,3 18.377 that, although both S-form and R-form of N-f 2-acetyIthiom ethyl)- 1 -oxo-3-phenyi-propyi ] glycine ben- 
zyl ester have similar enkephalinase inhibition activities, the S-farm has an inhibiting activity against an angiotensin 
converting enzyme which converts angiotensin I to angiotensin II and has an antihypertensive effect while, the R-form 
can be used for therapy of intestinal function disease or intestinal hypersensitive syndrome. 

[0003] As a method for preparing an optical active 2-araJkyl-3-acetylthiopropionic acid. Japanese Laid-Open Patent 
Publication No. 8-59606 discloses optical resolution using ephedrine. However, the method for preparing an optical 
active 2-araJkyl^-a^tytthiopropianic acid directly by optical resolution Is not economical, because agents for optical 
resolution are very expensive and the yield of the optical resolution is very low On the other hand, an optical active 2- 
arall^-3K^toroproplonlc add Is considered as a precursor for optical active 2-araikyl-3-thiopropionic acid. In Japanese 
Laid-Open Patent Publication No. 7-316094, it is described that (S)-2-araIkyl-3-chloropropionic acid can be obtained by 
asymmetrically hydrogenating (S)-2-aralkylidene-3-chIoropropionic acid using a complex of ruthenium and an optical 
active bktentate phosphine as a catalyst in the presence of a tertiary amine. However, this method does not appear to 
be economical because the catalyst is expensive and hydrogen pressure should be kept high in the reaction system. 
Furthermore, an optical purity of (S)-2-aralkyl-3-cWoropropionic acid obtained by this method is unsatisfactory. It is 
described in Chemische. Beriohte. vol. 123, p635-638 (1990) that (R)-2-aralkyl-3-chloropropionic acid can be produced 
from L-phenylalanine by using 7-step process, including a step of atransfer reaction with a high temperature and a step 
of enzyme reaction by use of swine liver lipase. However, this method includes many steps of reaction and the transfer 
reaction with a high temperature which is difficult to practice industrially. 

[0004] On the other hand, 2-araIkyf-3-suHbnyloxypropionic acid, which is a sulfonic acid ester derivative, is considered 
to be one of precursors of 2-araikyl^3-thiopropionlc add. However, synthesis or isolation of racemic compounds or opti- 
cal active compounds of 2-araJkyl-3-sulfonytoxypropionic acid has not been reported. Therefore, the above mentioned 
2-aralkyl^-sulfonyloxypropionic acid seems to be a novel compound and an industrially applicable producing method 
has not been established yet 

[0005] As stated above, although production methods of an optical active 2-aralkyl-3-thiopropionic acid that is an 
intermediate of the enkephalinase inhibitor are known, these methods do not seem to be industrially practical in that 
very expensive reagents are necessary, that industrially unpractical reaction conditions are included, and that optical 
purity of the product by these methods is low. 

[0006] The present invention is to provide a novel sulfonic acid ester derivative. 2-araikyl-3-sullbnyloxypropionic acid 
having the following general formula (3): 



wherein Ar is an aryl group that may be substituted and R 1 is an alkyi group that may be substituted or an aryl group 
that may be substituted, an industrially advantageous producing method thereof and a method for producing 2-aralkyl- 
3-thiopropionic acid using the same. 
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Disclosure of Invention 



[0007] In Gght of the above situation, after an extensive and intensive series of studies, the present inventors have 
found out that a novel optica] active 2-aralkyl^^lfonyfoxypropion!c acid and a novel optical actiVB 2-aralkyl-3-frifopro- 
5 pionic acid can be produced with high yield by using an optical active 2-ara!kyl-3 -acyfoxy- 1 -propanol as a starting mate- 
rial and a using novel optical active 2-aral kyi -3-suJfonytoxy- 1 -propanol as an irrtermediata 

[0008] The present invention relates, in a first aspect, to an optical active 2-ara!kyl-3-suItbnylaxy-1 -propanol having 
the fallowing general formula (1): 



is 




( i ) 



so wherein Ar is an aryl group that may be substituted, and R<| is methyl group, ethyl group, n-propyl group, isopropyl 
group, benzyl group, p-chlorophenyi group, p-brornopheny! group, p-methaxyphenyl group, o-nitrophenyl group, m- 
nitrophenyl group, p-nitrophenyl group or 1-naphthy! group. 

[0009] The present invention relates, in a second aspect, to a method for producing an optical active 2-aralkyl-3-sul- 
fonyloxy-i -propanol having the following general formula (1): 




35 



wherein Ar is an aryl group that may be substituted and R-i is methyl group, ethyl group, n-propyl group, isopropyl group, 
benzyl group, p-chloraphenyt group, p-bromophenyl group, p-methaxyphenyl group, o-nitrophenyl group, m-nrtrophenyf 
group, p-nitrophenyl group or 1-naphthyl group, which comprises hydrolyzing, in the presence of a base, an optical 
active 2-aralkyl- 1 -acylaxy-3-sulfonylaxypropane having the following general formula (2): 



40 



45 




(2) 



wherein Ar is an ary) group that may be substituted. R 1 is a methyl group, ethyl group, n-propyl group, isopropyl group, 
so benzyl group, p-chlorophenyl group, p-bromophenyl group, p-methaxyphenyl group, o-nitrophenyl group, m-nitrophenyl 
group, p-nitrophenyl group or 1 -naphthyf group and R 2 is a linear or branched alkyl group that may be substituted, a 
linear or branched alkanyl group that may be substituted or an aryi group that may be substituted. 
[001 0] The present invention relates, in a third aspect, to an optical active 2-araJkyf-3-sutfonyioxypropionic acid having 
the following general formula (3): 
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Ar 




0^ ^0 ( 3 ) 



'C00H 

10 

wherein Ar is an aryi group that may be substituted and R 1 is an alkyl group that may be substituted or an ary! group 
that may be substituted. 

[001 1] The present invention relates, in a fourth aspect, to a method for producing an optical active 2-araIkyl-3-sulfo- 
15 nyloxypropionic acid having the following general formula (3): 

0c- . Ri 

}* ( 3 } 



wherein Ar is an aryi group that may be substituted and is an alkyl group that may be substituted or an aryf group 
that may be substituted, which comprises oxidizing an optical active 2-aralkyl-3-sulfanyfoxy-1 -propano! having the fol- 
so lowing general formula (1): 



35 




( 1 ) 



wherein Ar is an aryf group that may be substituted and R 1 is an alkyl group thai may be substituted or an aryi group 
that may be substituted. 

[001 2] The present invention relates, in a fifth aspect to a method for producing an optical active 2-araJky1-3-suIfony- 
laxypropionic acid having the following general formula (3): 




55 wherein Ar is an aryi group that may be substituted and Ri is an alkyl group lhat may be substituted or an aryi group 
that maybe substituted, which comprises reacting an optica! active 2-aralkyl-3-hydroxypropionic acid having the follow- 
ing general formula (4): 
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OH ( 4 ) 

^COOH 

wherein Ar is an aryl group that may be substituted, with a sulfonic acid haBde having the following general formula (5): 

10 

0 
II 

R» — S — X ( 5 ) 

5 



wherein R 1 is an aikyl group that may be substituted or an aryl group that may be substituted and X is a halogen atom. 
20 [001 3J The present invention relates, in a sixth aspect, to a method for producing an optical active 2-aralkyl-3-triicpro- 
pionic add having the following general formula (8): 




wherein Ar is an aryl group that may be substituted and R 3 is an aikyl group that may be substituted, an acyl group that 
may be substituted or an aryl group that may be substituted, which comprises reacting an optical active 2-araIkyl-3-sul- 
fonyioxypropionic add having the following general formula (3): 



40 




(3) 



wherein Ar is an aryl group that may be substituted and R 1 is an aikyl group that may be substituted or an aryl group 
45 that may be substituted, with a thio-compound having the following general formula (7): 

FVS-Y (7) 

wherein R3 is an aikyl group that may be substituted, an acyl group that may be substituted or an aryl group that may 
so be substituted and Y Is a hydrogen atom or an alkali metal atom. 

Best Mode for Carrying Out the Invention 

J001 41 In the first invention, as Ar, a phenyl group that may be substituted or a naphthyl group that may be substituted 
ss is preferable A phenyl group that may be substftuied with aikyl group, substituted aikyl group, alkoxy group, substituted 
alkoxy group or halogen atom is more preferable, and phenyl group is the most preferable. 

[00151 As ft,, methyl group is preferable. Especially; Ar being phenyl group and R 1 being methyl group is preferable. 
[0016] From the second to sixth inventions, as Ar. a phenyl group that may be substituted or a naphthyl group that 
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may be substituted Is preferable. A phenyl group that may be substituted with alkyt group, substituted alkyt group, alkoxy 
group, substituted alkoxy group or halogen atom is more preferable, and phenyl group is the most preferable, 
[0017] As R,. methyl group, ethyl group, n-propyi group, rsopropyl group; benzyl group, phenyl group, p-methylphenyl 
group, p-chlorophenyl group, p-bromophenyl group, p-methoxyphenyl group, o-nitrophenyl group, m-nitrophenyl group, 
p-ntlrophenyl group or 1-naphfhyl group is preferable and methyl group is more preferable. Especially. Ar being phenyl 
group and being methyl group Is preferable. 

[001 8] An optical active 2-araIkyl-3-acyioxy«1 -propanol which is a st a r tin g material of a novel compound of the present 
invention has the following general formula (6): 

C 6 ) 

OCORj 




wherein Ar is an aryl group that may be substituted and R 2 is a linear or branched alkyl group that may be substituted, 
a linear or branched alkenyl group that may be substituted or an aryl group that may be substituted. 
[0019] The compound can be obtained, for example, according to a method described in Tetrahedron Letters vol.31 . 
- 20 pi 60 1 (1 990). That is, the compound can be obtained by reacti ng 2-aralkyt- 1 ,3 -propanediol, in the presence of a acylat- 
ing agent with an enzyme which is able to stereoselectively esterify hydroxyl group of either 1- or 3-position. In another 
method, the compound can be obtained by reacting 2-araikyi- 1 ,3-diacyloxypropane with an enzyme that is able to 
hydrolyze an ester of either 1- or 3-position. 

[0020] Then, the optical active 2-aral kyl -3-acyloxy- 1 -propanol expressed by above general formula (6) obtained as 
25 described above is reacted with a sulfonic acid hafide having the following general formula (5): 



Ri— S X ( 5 ) 

U 
0 

wherein is methyl group, ethyl group, n -propyl group, isopropyl group, benzyl group, p-chlorophenyl group, p- 
bromophenyl group, p-methoxyphenyl group, o-nitrophenyl group, m-nitrophenyl group, p-nitrophenyl group or 1 -naph- 
thyl group, and X is a halogen atom, in the presence of a base, so as to obtain an optical active 2-araikyl-l -acyloxy-3- 
sulJonyfoxypropane having the following general formula (2): 



(2) 

OCORj 




wherein Ar Is an aryl group that may be substituted, is methyl group, ethyl group, n -propyl group, isopropyl group, 
benzyl group, p-chlorophenyl group, p-bromophenyl group, p-methoxyphenyl group, o-nitrophenyl group, m-nitrophenyl 

so group, p-nltrophenyl group or 1-naphthyl group and R2 is a linear or branched alkyl group that may be substituted, a 
linear or branched alkenyl group that may be substituted or an aryl group that may be substituted. 
[0021] This reaction can be conducted in a non-organic solvent system However, H is preferable to conduct it in an 
organic solvent, for example, alcohols such as methanol, ethanol and isopropyl alcohol, halogenated hydrocarbons 
such as methylene chloride, chloroform and carbon tetrachloride, aromatic hydrocarbons such as benzene, toluene and 

55 xylene, ethers such as diethyl ether, tetrahydrofuran and diisopropyl ether, hydrocarbons such as pentane and hexane, 
acetonitrile, dimethyl sulfoxide, acetone and ethyl acetate. The above solvents can be used alone or in combination of 
two or more. 

[0022] As the base, amines such as triethylamine. trimethylamine. diisopropylethylamine. N. N-dimethylaniline and N. 
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N-diethylamline. aromatic nitrogen compounds such as pyrfcfine, 4-(N. N^imethyiamino)pyridine. imidazole and 2. 6- 
lutidine, or sodium ethoxide, sodium metrtoxide, potassium tertiary butoxide, sodium hydride, potassium hydride, cal- 
cium carbonate, potassium carbonate, sodium carbonate, lithium carbonate, polassium hydrogen carbonate, sodium 
hydrogen carbonate, sodium hydroxide, and potassium hydroxide can be exemplified. These bases can be used alone 
or in combination of two or more. 

[0023] The amount of the sulfonic acid halide to be used is preferably 1 .0 equivalent or more with respect to a sub- 
strate, compound expressed by the general formula (6). If the amount is less than 1.0 equivalent, the efficiency of the 
reaction is apt to be decreased since all of the raw materials are not reacted: The amount of the base to be used is 
about equivalent molar with respect to the sulfonic acid haJide. The reaction can be conducted in a wide range of tem- 
perature, however, usually, a temperature from -10 6 C to 100*0 is preferabla If the temperature is out of this range, the 
efficiency of the reaction is apt to be lowered. After the reaction has been completed, the aimed product can be 
obtained easily by adding water to the reaction mixture: followed by extracting with an organic solvent such as toluene 
and ethyl acetate and removing the solvent If necessary, the product can be highly purified using silica gel column chro- 
matography and so on. 

[0024] Then, the thus obtained optical active 2-aralkyl-1 -acyloxy-3-sulfonyloxypropane expressed by the general for- 
mula (2) is added to an organic solvent and methanol containing a strong base or an aqueous solution containing a 
strong base, and hydrolyzed so as to an obtain optical active 2-aralkyl-3-surfonyloxy-1 -propancrf having the following 
general formula (1): 



wherein Ar is an aryf group that maybe substituted and R-i is methyl group, ethyl group, n -propyl group, tsopropy! group, 
benzyl group, p-chlorophenyl group, p-bromophenyl group, p-methoxyphenyl group, o-nitrophenyf group, m-nrtrophenyl 
group, p-nrtrophenyf group or 1-naphthyi group. 

[0025] As the organic solvent, alcohols such as methanol, ethanol and tsbpropyl alcohol, haJogenated hydrocarbons 
such as methylene chloride, chloroform and carbon tetrachloride, aromatic hydrocarbons such as benzene, toluene and 
xylene, ethers such as diethyl ether, tetrahydrofuran and diisopropyi ether, hydrocarbons such as pentane and hexane, 
acetonitrile. cf methyl sulfoxide, acetone and ethyl acetate are preferable. The above solvents can be used alone or in 
combination of two or more. 

[0026] As the strong base, for example, sodium hydroxide and potassium hydroxide are preferable. These bases can 
be used atone or in combination of two or mora After the reaction has been completed, the aimed product can be 
obtained easily by extracting with an organic solvent such as toluene and ethyl acetate, followed by removing the sol- 
vent If necessary, the product can be highly purified using sQica gel column chromatography and so on. 
[0027] Then, as described in J. Org. Chem. Vol.52. p25559 (1987). by oxidizing the hydroxy! group of the thus 
obtained optical active 2-araikyl-3-surforrylaxy-1 -propanol having the general formula (1) or a known compound of 2- 
aralkyl-3-sulfonytoxy-l -propanol having the general formula (1) in which Ar is phenyl group and Ri is phenyl group or 
p-mathylphenyl group, or in which Ar is 3-methoxyphenyl group and R 1 is p -methytphenyl group, an optical active 2- 
araIkyl-3-sulfonytoxypropiDnic acid having the following general formula (3) can be obtained: 



wherein Ar is an aryl group that may be substituted and R t is an afkyl group that may be substituted or an aryl group 
that may be substituted. 

[0028] That is, using one or more of 2,2,6,6-tetramethylpiperidine-1-oxy or 4-substituted 2,2,6,6-tetramethylp^pend- 
ine-1-oxy derivative, for example. 4-methoxy-2.2.6,6-tetramethylp^ericfine-1-axy I 4-hyoVaxy-2.2,6.6-tetrame4hylpjperid- 




( 1 ) 




( 3 ) 
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ine-1-oxy, 4-benzoyloxy-2,2. 6,6-tetramethylpiperidine-1-oxy, 4-airuno-2,2,6,6-tetraiTiethylpipericfine-1-oxy and 4-oxo- 
2»2,6 ( 6-tetramelhylpipericfin9-1-Qxy as a catalyst, in a binary phase system comprised of an organic phase including 
potassium bromide and a phase transfer catalyst and a water phase, the compound having the general formula (3) can 
be easily obtained by reacting a compound having the general formula (1 } with sodium hypochlorite, followed by extract- 
5 ing, in an acidic condition, with an organic solvent such as toluene and ethyl acetate and removing the solvent If nec- 
essary, the product can be highly purified using silica gel column chromatography and so on. 
[0029] The optical active 2-aralky1-3-sulfonykixypropionic acid having the following general formula (3): 



10 




( 3 ) 



wherein Ar is an aryi group that may be substituted and R-i is an alky! group that may be substituted or an aryl group 

that may be substituted, can be also obtained by the method described below: 
,f 7- 20 [0030] Starting material of this method, optical active 2-araikyW-hydrc*ypropionic acid having the following general 
v y formula (4): 



OH ( 4 ) 



wherein Ar is an aryl group that may be substituted, can be obtained by the method described in Tetrahedron Letters 
30 vol.31, p1601 (1990). 

[0031] That is, by reacting 2-araIkyl-l ,3-propanediol, in the presence of an acylating agent with an enzyme which is 
able to stereoselective!/ esterify hydroxyl group of either 1 - or 3-position or by reacting 2-aratkyM ,3-diacyloxypropane 
with an enzyme which is able to hydrolyze an ester of either 1- or 3 -position, an optical active 2-araiky1-3-acyIoxy-1 -pro- 
panol having the following general formula (6): 



40 




( 6 ) 

0C0R a 



wherein Ar is an aryl group that may be substituted and R 2 is a linear or branched alkyf group that may be substituted, 
a linear or branched alkenyl group that may be substituted or an aryl group that may be substituted, can be prepared, 
and then by oxidizing the hydroxyl group of the compound having general formula (6) using a suitable method, an opti- 
cs cal active 2-araikyl-3-acyloxyproptonic acid having the following general formula (9): 



0COR> ( 9 ) 



ss wherein Ar is an aryl group that may be substituted and R 2 is a linear or branched alkyl group that may be substituted, 
a Dnear or branched alkenyl group that may be substituted or an aryl group that may be substituted, can be prepared, 
then, by hydroiyzing the ester having the general formula (9), an optical active 2-aralkyl-3-hydroxypropionic acid having 
the following general formula (4): 
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OH 



(4 ) 



Ar. 



COOH 



wherein Ar is an aryl group that may be substituted, can be obtained, 

[0032] Then, in the presence of a base, the thus obtained optical active 2-aralkyl^'tiydroxypropionic acid having the 
general formula (4) is reacted with a sulfonic acid halide having the following general formula (5): 



wherein is an aikyl group that may be substituted or an aryl group that may be substituted and X is a halogen atom, 
so as to obtain an optical active 2-aralkyl-3^tfbnytoxypropk>nfc add having the following general formula (3): 



wherein Ar is an aryl group that may be substituted and R t is an alky! group that may be substituted or an aryl group 
that may be substituted. 

[0033] This reaction can be conducted in a non-organic solvent system, however, ft is preferable to conduct it in an 
organic solvent, for example, alcohols such as methanol, ethanol and isopropyi alcohol, halogenated hydrocarbons 
such as methylene chloride, chloroform and carbon tetrachloride, aromatic rrydrocarbons such as benzene, toluene and 
xylene, ethers such as diethyl ether, tetrahydrofuran and diisopropyl ether, hydrocarbons such as pentane and hexane, 
acetonitrile. dimethyl sulfoxide, acetone and ethyl acetate. The above solvents can be used alone or in combination of 
two or more. 

[0034] As the base, amines such as triethylamine, trimethylamine, cSisopropylethylamine, N, N-dimethylanfline and N, 
N-diethylaniline, aromatic nitrogen compounds such as pyridine, 4-(N, N<Ji methyl arranojpyricfine, imidazole and 2, 6- 
lutidine, or sodium ethoxide, sodium meth oxide, potassium tertiary butoxide, sodium hydride, potassium hydride, cal- 
cium carbonate, potassium carbonate, sodium carbonate, fithium carbonate, potassium hydrogen carbonate, sodium 
hydrogen carbonate can be exemplified The above bases can be used alone or in combination of two or mora 
[0035] The amount of the sulfonic acid halide to be used is preferably 1 .0 equivalent or more with respect to a sub- 
strate, compound having the general formula {4). If the amount is less than 1 .0 equivalent, the efficiency of the reaction 
is apt to be decreased since all of the raw materials are not be reacted. The amount of the base to be used is about 
equivalent molar with respect to the sulfonic acid halide. The reaction can be conducted in a wide range of temperature, 
however, usually, a temperature from «10°C to 100*0 is preferable. If the temperature is out of this range, the efficiency 
of the reaction is apt to be lowered. After the reaction has been completed, the aimed product can be obtained easily 
by adcfirtg water to the reaction mixture, foil owed by extracting with an organic solvent such as toluene and ethyl acetate 
and removing the solvent. If necessary, the product can be highly purified using such as silica gel column chromatog- 
raphy and so on. 

[0036] Next by reacting the thus obtained optical active 2-aralkyl-3-sulfonyloxypropionic acid with a thio-compound 
having the following general formula (7): 



0 
II 



Ri— S 



X 



( 5 ) 



II 
0 




( 3 ) 
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R3-S-Y (7) 

wherein R3 is an alkyl gjoup that may be substituted, an acyi group that may be substituted or an aryi group that may 
be substituted and Y is a hydrogen atom or an alkaJI metal atom, an optical active 2-araDcyl-3-thiopropionic acid having 
5 the foQowing general formula (8): 



10 




( 8 ) 



is wherein Ar is an aryi group that may be substituted and R3 is an alkyl group that may be substituted, an acyl group that 
may be substituted or an aryi group that may be substituted, can be obtained. 

[0037] This reaction can be conducted in a non-organic solvent system, however, it is preferable to conduct it in 
organic solvent, for example, alcohols such as methanol, ethanol and isopropyl alcohol, halogenated hydrocarbons 
such as methylene chloride, chloroform and carbon tetrachloride, aromatic hydrocarbons such as benzene, to! uene and 
{ ? 20 xylene, ethers such as diethyl ether, tefrahydrofuran and diisopropyl ether, hydrocarbons such as pentane and hexane, 
v • acetonitrfle, dimethyl sulfoxide, acetone and ethyl acetate. The above solvents can be used alone or in combination of 
two or mora A base may be added, if necessary. 

[0038] As the base, amines such as triethylamine, trimethylamine, diisopropylethylamine, N. N-dimethylaniline and N, 
N-diethylaniGne, aromatic nitrogen compounds such as pyridine, 4-{N, N-dimethykminoJpyridine, imidazole and 2, &- 

25 lutidrne, or sodium othcodde, sodium math oxide, potassium tertiary butoxide, sodium hydride, potassium hydride, cal- 
cium carbonate, potassium carbonate, sodium carbonate, lithium carbonate, potassium hydrogen carbonate, sodium 
hydrogen carbonate can be exemplified. The above bases can be used alone or in combination of two or more. 
[0039] The reaction can be conducted in a wide range of temperature, however, usually, a temperature from -1 0°C to 
100°C is preferable. If the temperature is out of this range, the efficiency of the reaction is apt to be lowered. After the 

90 reaction has been completed, the aimed product can be obtained easily by extracting with an organic solvent such as 
toluene and ethyl acetate and removing the solvent If necessary, the product can be highly purified using silica gel col- 
umn chromatography and so on. 

[0040] Hereinafter, the present invention will be explained in greater detail by way of Examples, however, the present 
invention will not be limited to these Examples. 

35 

Reference example 1 

Production of 2-benzylmalonic acid diethyl ester 

40 [0W1] in 200 ml of ethanol. I6.2g of sodium methoxide were dissolved. Into this solution, 49.5g of diethyl malonate 
( ) were dropped and gently refluxed. 37.98g of benzyl chloride were dropped into the mixture over one hour and the mix- 
ture was refluxed for 2 hours. After the reaction was completed, the solvent was removed under reduced pressure, and 
water was added to the residue. After extraction with ethyl acetate, the ethyl acetate was dried with sodium sulfate anhy- 
dride. After removing the solvent under reduced pressure, followed by purification with distillation, 50g of 2-benzyf- 
45 malonic acid diethyl ester were obtained. 

Reference example 2 

Production of 2-[[(3, 4-methylBnedioxy)phenyl ) methyl] malonic acid diethyl ester 

so 

[0042] 60.17g of sodium ethoxide were dissolved in 1 127 ml of ethanol. To this solution. 336.4g of diethyl malonate 
and 119.42g of [(3. 4-methylenolQxy)phenyl ] methyl chloride were added and the mixture was refluxed for 3 hours. 
After the reaction was completed, the solvent was removed under reduced pressure and water was added to the resi- 
dua After extraction with ethyl acetate, the ethyl acetate was dried with sodium sulfate anhydride. After removing the 
55 solvent under reduced pressure and purification with distillation, 1 81.1 g of 2-[[(3, 4-methytenedioxy)pheny0 methyl] 
malonic acid diethyl ester were obtained. 
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Reference example 3 

Production of 2- [ (4-chlorophenyl)methyl D malonic acid diethyl ester 

5 [0O43J 60.1 7g of sodium ethoxide were dissolved in 1 1 27 ml of ethanol. To this solution. 336.4g of diethyl malonate 
and 1 15.0g of (4-chIorophenyi) methyl chloride were added and the mixture was refluxed for 2 hours. After the reaction 
was completed, the solvent was removed under reduced pressure and water was added to the residue. After extraction 
with ethyl acetate, the ethyl acetate was dried with sodium sulfate anhydride After removing the solvent under reduced 
pressure and purification with distillation, 172.6g of 2- [ (4-chloropheny1)methyl ) malonic arid diethyl ester were 

10 obtained. v 

Reference example 4 

Production of 2-benzyf - 1 ,3-propanedfol 

15 

[0044] 7.59g of lithium aluminum hydride were suspended in 1 00 ml of tetrahydrofuran. Into this suspension, 70 ml of 
tetrahydrofuran solution containing 25.0g of 2-benzylmalonic acid diethyl ester which was obtained in Reference exam- 
ple 1 were dropped under ice cooling, and then stirred for 1 hour under ice cooling and for 3 hours at room temperature. 
To this reaction solution, 200 ml of a 2N hydrogen chloride solution were added, then a tetrahydrofuran layer and a 
20 water layer were separated. To the water layer, ethyl acetate was added and the ethyl acetate layer was recovered: The 
obtained tetrahydrofuran layer and the ethyl acetate layer were mixed. After washing this mixture with a saturated 
sodium hydrogen carbonate aqueous solution and a saturated sodium chloride aqueous solution, the mixture was dried 
with sodium sulfate anhydride After the solvent was removed under reduced pressure, 13.7g of colorless and solid 2- 
benzyl-1 ,3-propanedtol were re-crystallized from ethyl acetate-hexane. 

25 

1 H-NMR (400MHz, CDCI 3 ) 5 ppm : 2.00-2.1 1 (m, 1H), 2.32 (br s, 2H), 2.64 (d, J=7.8 Hz, 2H). 3.67 (dd. J1=6.8 
Hz. J2=10.5 Hz. 2H). 3.81 (dd. J 1=3.9 Hz, J2=10.5 Hz, 2H). 7.12-7.34 (m, 5H) 

Reference example 5 

30 

Production of 2-{C(3, 4-methyienedioxy)phenyl } methyf]-1 ,3-propanedGoi 

[0045] 49.6g of sodium borohydride were suspended into 500 ml of toluene. To this solution, 340 ml of toluene solu- 
tion containing I73.7g of 2-{C(3. 4-methylenediaxy)phenyl ) methyl] malonic add diethyl ester obtained in Reference 
35 example 2 were added under ice cooling. To this solution, under ice cooling, 151.23g of methanol were dropped, and 
stirred for 1 hour under cooling and overnight at room temperature The thus obtained solution was added to 200 ml of 
a 2N sulfuric acid and the pH of the solution was adjusted to 9 using a 6N sodium hydroxide aqueous solution. After 
deposited salt was removed by filtration, a toluene layer and a water layer were separated. To the water layer, ethyl ace- 
tate was added and the ethyl acetate layer was recovered. The toluene layer and the ethyl acetate layer were mixed, 
40 and the mixture was washed with a saturated sodium chloride aqueous solution, and dried with sodium sulfate anhy- 
dride. The solvent was removed under reduced pressure and 99.7g of colorless and solid 2-[[(3. 4-methylenedi- 
oxy)phenyl ] methyQ-1 ,3-propanediol was crystallized from ethyl acetate-n-hexane. 

1 H-NMR (400MHz, CDCI3 )& ppm : 1.95-2.05 (m, 1H), 2.10 (br s, 2H), 2.55 (d, J=7.8 Hz, 2H), 3.66 (dd, J 1=6.8 Hz. 
J2=10.3 Hz. 2H), 3.80 (dd, J1=3.7 Hz. J2=10.5 Hz. 2H). 5.93 (s, 2H). 6.63 (dd. J1=1.5 Hz, J2=7.8 Hz, 1H). 6.67 (d. 
J=1.5 Hz, 1 H). 6.73 (d, J=7.8 Hz. 1H) 

Reference example 6 

Production of 2-[ (4-chlorophenyl)methyl ) -1.3-propanediol 

[0046] 49.6g of sodium borohydride were suspended into 500 ml of toluene. To this solution. 340 ml of toluene solu- 
tion containing 168.0g of 2-{4-chloropheny0methyl3 malonic acid diethyl ester obtained in Reference example 3 were 
added under ice cooling. To this solution, under ice cooling, 151.23g of methanol was dropped and stirred for 1 hour 
under cooling and overnight at room temperature. The thus obtained solution was added to 200 ml of a 2N sulfuric acid 
and the pH of the solution was adjusted to 9 using a 6N sodium hydroxide aqueous solution. After deposited salt was 
removed by filtration, a toluene layer and a water layer were separated. To the water layer, ethyl acetate was added and 
the ethyl acetate layer was recovered. The toluene layer and the ethyl acetate layer were mixed, and the mixture was 
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washed with a saturated sodium chloride aqueous solution, and dried with sodium sulfate anhydride. The solvent was 
removed under reduced pressure and 101 .8g of colorless and solid 2- [ (4-cNorophenyl)methyO-1.3-propanediol was 
crystallized from ethyl acetate-n-hexane. 

5 1 H-NMR (400MHz, CDCI3 )S ppm : 1.95-2.07 (m, 1H), 2.43 (br s. 2H), 2.61 (d, J=7.3Hz, 2H), 3.65 (dd, J1=6.8 Hz, 

J2=10.8 Hz. 2H). 3.79 (dd, J1=3.9 Hz, J2=10.7 Hz, 2H). 7.12 (d, J=8.3 Hz, 2H), 7.26 (d, J=8.3 Hz, 2H) 

Reference example 7 

10 Production of (R)-2-benzyl-3-acetylcxy-1 -propanol 

[0047]' To 83 ml of toluene, 8.3 1g of 2-benzyl-1 ,3-propanediol obtained in Reference example 4 were dissolved. To 
this solution, 8.61 g of vinyl acetate and 41 6 mg of lipase PS (manufactured by AMAIslO PHARMACEUTICAL CO., LTD.) 
were added and stirred for 16 hours at room temperature. After the reaction was terminated, the enzyme was removed 
is by filtration and the solvent was removed under reduced pressure. The residue was purified by silica gel column chro- 
matography (n-hexane : ethyl acetate = 1 : 1) so as to obtain 9.82g of (R)-2-benzyl-3-acetylaxy-1 -propanol. 

1 H-NMR (400MHz, CDCI3 )S ppm : 2.01 (br s, 1H), 2.09 (S, 3H), 2.10-2.18 (m, 1H), 2.63 (dd, J1=7.B Hz, J2=13.7 
_ Hz, 1H), 2.69 (dd, J3=7.3 Hz, J2=13.7 Hz. 1H), 3.46-3.55 (m, 1H), 3.57 -3.66 (m, 1H). 4.08 (dd. J4=6.4 Hz. 

5 j 20 J5*11.1 Hz, 1H),4.19(dd, J6=4.4Hz, J5=11.1 Hz. 1 H), 7.16-7.34 (m, 5H) 

Optical purity : 9E5% e.e. 

[0048] The optical purity of 2-benzyl-3-acetyloxy-1 -propanol was determined by the following HPLC conditions: 

25 Column; CHIRALCEL OD (0.45 mm x 25 cm) 

Eluant; n-hexane : 2-propand= 25 : 1 

Wave length for detection; 254 run 

Elution rate; 0.5 ml/min. 

Column temperature; room temperature 
90 Elution time; (R)fbrm;36.8 min., (S)fbrm;4O.0 min. 

Reference example 8 

Production of (S)-2-benzyt-3-acetyloxy-1 -propanol 

55 

[0049] To 10 ml of pyridine, 2.00g of 2-benzyl-1 ,3-propanedioi obtained in Reference example 4 were dissolved. To 
this sojution. 10 mg of 4<fimethylaminopyridine were added. Under ice cooling, 3.68g of acetic anhydride were dropped 
and stirred for 3 hours at room temperatura After the reaction was completed, ethyl acetate was added, followed by 
washing with a IN hydrogen chloride, a saturated sodium hydrogen carbonate aqueous solution and a saturated 
40 sodium chloride aqueous solution. The solvent was dried with sodium sulfate anhydride The solvent was removed 
I ) under reduced pressure, followed by purifying the residue with silica gel column chromatography (n-hexane; ethyl ace- 
tate = 5:1), thereby obtaining 2.98g of 2-benzyM ,3-diacetyloxypropane. 

1 H-NMR (400MHz, CDCI 3 )5 ppm : 2.06 (s, 6H), 2.28-2.40 (m r 1H), 2.70 (d, J1=7.3 Hz, 2H), 4.02 (dd, J1=5.9 Hz, 
45 J2=1 1 .2 Hz. 2H), 4.08 (dd, J3=1 .9 Hz, J2=1 1 .2 Hz. 2H). 7. 1 2-7.32 (m, 5H) 

[0050] To 1 .5 L of a 10mM acetate buffer (pH5.0). 30. Og of 2-benzyM ,3-cfi acetyl cxyprapane obtained as above were 

suspended and the pH of the suspension was adjusted to 5.0 with a 6N sodium hydroxide aqueous solution with stirring ] 
at 20 °C. To this suspension. 3.0g of lipase P (manufactured by AMANO PHARMACEUTICAL CO., LTD.) were added j 

so and stirred at 20 °C for 17 hours with adjusting the pH constant using a pH automatic titrator. After the reaction was 
completed, sodium chloride was added to the solution so that the sodium chloride was saturated. The reaction mixture 
was extracted with ethyl acetate. The solvent was washed with a saturated sodium hydrogen carbonate aqueous solu- 
tion and a saturated sodium chloride aqueous solution, followed by drying with sodium sulfate anhydride. The solvent 
was removed under reduced pressure and a residue was purified with silica gel column chromatography (n-hexane : 

ss ethyl acetate = 5 : 1) so as to obtain I0.4g of (S}-2-benzyl-3-acetyloxy-1 -propanol. Optical purity of the obtained (S}-2- 
benzyl-3-acety!oxy-1 -propanol was determined in the same manner as described in Reference example 7. 

Optical purity : 98.3% e.e. 
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Reference example 9 

Production of (R)-2-[ [ (3. 4-methylenedioxy)phenyl ) methy1]-3-acetylaxy-1 -propanol 

5 [0051J To 126 ml of toluene, 63.07g of 2-[((3, 4-methylBnedioxy) phenyl] methylJ-I.S-propanediol obtained in Ref- 
erence example S were dissolved. To this solution, 31.31g of vinyf acetate and 1.27g of Ipase PS (manufactured by 
AMANO PHARMACEUTICAL CO., LTD.) were added, followed by stirring for 1 7 hours al room temperature. After the 
reaction was completed, the enzyme was removed by filtration and the solvent was removed under reduced pressure 
so as to obtain 71 .90g of (R)-2-[C (3, 4-methylenecfioxy)pheny1 ] methyO-3-acetyloocy-1i)ropanol. 

10 

'H-NMR (400MHz, CDCI3 )6 ppm : 1.95 (br s, 1H). 1.98-2.05 (m, 1H), 2.09 (s, 3H), 2.58 (dd. J1=7.3 Hz J2=13 7 
Hz, 2H), 3,50 (dd, J1=6.4 Hz, J2=1 1.2 Hz, 1 H). 3.59 (dd, J1 =4.4 Hz, J2=1 1 .2 Hz. 1 H). 4.06 (dd, J 1=6.4 Hz J2=1 1 2 
Hz, 1H), 4.18 (dd, Jl=4.9 Hz, J2-11.2 Hz, 1H), 5.90 (S, 2H), 6.63 (dd, J1«1.5 Hz. J2-7.8 Hz, 1H), 6.68 (S. 1H). 
6.73 (d. J=7.8 Hz, 1H) * ' 

is Optical purity : 96. 3% e.e. 

[00521 The optical purity of 2-f ( (3, 4-methy1enedioxy)phenyl ) methyf]-3-acetyIoxy-1 -propanol was determined by the 
following HPLC conditions: 

20 Column: CHIRALCEL OD (0.45 mm x 25 cm) 

Quant; n-hexane : 2 -propanoic 9 : 1 

Wave length tor detection; 254 nm 

Qution rate; 0.5 ml/min. 

Column temperature; room temperature 
25 Qution time; (R)fbrm;21 .7 rnin., (S)form;25.7 min. 

Reference example 10 

Production of (R)-2-C(4-chIorophenyOmethyl] -3-acetyloxy-1 -propanol 

30 

[00531 To 120.3 ml of toluene, 60.19g of 2-C(4~chlorophenyl) methyl >1,3-propanediol obtained in Reference exam- 
pie 6 were dissolved. To this solution. 31 .31g of vinyl acetate and 1 .2Qg of Dpase PS (manufactured by AMANO PHAR- 
MACEUTICAL CO., LTD) were added, fallowed by stirring for 18 hours at room temperatura After the reaction was 
completed, the enzyme was removed by filtration and the solvent was removed under reduced pressure so as to obtain 
35 69.20g of (R)-2- ( (4-cWorophenyl)methyl ) -3-acetyloxy-1 -propanol. 

*H-NMR (400MHz, CDCI3 )6 ppm : 1.90 (br s, 1 H). 2.00-2.15 (m, 1H). 2.08 (s, 3H), 2.59 (dd, J1=7.3 Hz J2=13 7 
'Hz, 1 H). 2.68 (dd. J1 =7.8 Hz, J2=1 3.7 Hz, 1 H). 3.49 (dd, J 1=6. 4 Hz, J2=1 1 .2 Hz. 1 H). 3.59 (dd. Jl =4.4 Hz] J2=1 1 .2 
Hz, 1H). 4.07 (dd. J1=6.4 Hz, J2=1 1.2 Hz, 1 H). 4. 17 (dd, J1=4.9 Hz, J2=1 1.2 Hz, 1H). 7.12 (d. J=8.3 Hz, 2H), 7.26 
<0 (d. J=8.3 Hz, 2H) 

Optical purity : 98.4% e.e. 

[0Q54J The optical purity of 2- C (4-chtarophenyl)methyl } -3-acetyloxy-1 -propanol was determined by the following 
HPLC conditions: 

45 

Column; CHIRALCEL OD (0.45 mm x 25 cm) 
Quant; n-hexanB : 2-propanol= 9:1 
Wave length for detection; 254 nm 
Qution rate; 0.5 ml/min. 
so Column temperature; room temperature 

Qution time; (R)form;15.2 min.. (S)form;17.3 min. 

Reference example 1 1 

55 Production of (S)-2-benzyl-1 -acetyloxy-3-methanesulfbnyloxypropane 

[00551 To 100 ml of toluene, 10.41g of (R)-2-benzyl-3-acetyIoxy-1-propanol obtained in Reference example 7 were 
dssolved. Under ice cooling. 6.07g of triethylamine were added. Then, 6.30g of methanesulfonyl chloride were dropped 
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into the solution and stirred for 1 hour. After the reaction was completed, ethyl acetate was added to the reaction mix- 
ture, followed by washing with a IN hydrogen chloride, a saturated sodium hydrogen carbonate aqueous solution and 
a saturated sodium chloride aqueous solution, and dried with sodium sulfate anhydride. The solvent was removed 
under reduced pressure and the residue was purified with silica gel column chromatography (n-hexane : ethyl acetate 
5 = 2 : 3) so as to obtain 1 3.60g of (S)-2-benzyl-1 -acetyloxy-3-methanesuKonyloxypropane, 

1 H-NMR (400MHz f CDCI3 )8 ppm : 2.13 (s, 3H), 2.40-2.50 (m, 1H). 2.79(d, 2H) P 3.05(s, 3H), 4.10(dd, J1=6.8 Hz, 
J2=11.7 Hz, 1H) , 4.16-4.23 (m. 2H), 4.28(dd, J3==4.9 Hz, J4=9.8 Hz, 1H), 7_18~7.39(m, 5H) 
Optical purity : 98.5% e.e. 

10 

[0056] The optical purity of 2^enzy1-1 -acetyioxy-3^ethanesulfc>ny1o^propane was determined by the fallowing 
HPLC conditions: 

Column: CHIRALCEL OD(0.45 mm x 25 cm) 
15 Eluant n-hexane : 2-propanoI= 9 : 1 
Wave length for detection; 254 nm 
Hution rate; 0.5 ml/min. 
Column tGmperatura; room temperature 
Elution time; (R)fbrm;46.0 min.,(S)fbnn;42.5 min. 

J20 

Reference example 12 

Production of (S)-2-[ [ (3, 4-methyf enedioxy)phenyl ) methyl]-1 -acetyloxy-3-methanesulfonylaxypropane 

25 [0057] To 630.7 ml of toluene, 63.07g of (R)-2-[C(3, 4-methylenedioxy)phenyl ] methyQ-3-acetyloxy-1 -propanol 
obtained in Reference example 9 were cfissolved. Under ice cooling, 30.36g of triethyiamine were added to the solution. 
TTien, 31.50g of methanesulfbnyl chloride were dropped into the solution and stirred for 1 hour. After the reaction was 
completed, ethyl acetate was added to the reaction mixture, roil owed by washing with a 2N sulfuric acid, a saturated 
sodium hydrogen carbonate aqueous solution and a saturated sodium chloride aqueous solution, and dried with 

30 sodium sulfate anhydride. The solvent was removed under reduced pressure so as to obtain 78.47g of (S)-2-[f(3, 4- 
methyl en edioxy}phenyl ) methyl]- 1 -ac^tyIdxy-3-memariesulfonyloxypropane. 

1 H-NMR (400MHz, CDCyappni : 2.08 (s, 3H). 2.27-2.38 (m, 1H), 2.65^. 2H). 3.01(s, 3H), 4.03(dd, J1=6.6 Hz, 
J2=11.5 Hz. 1H) . 4.11-4.18 (m, 2H). 4.21(dd, J1=4.9 Hz. J2=9.8 Hz. 1H), 5.94 (s. 2H). 6.62 (dd. J1=1.7 Hz. 
35 J2=86 Hz, 1 H), 6 66 (S, 1 H). 6-74 (d, J=«7.9 Hz f 1 H) 

[a) d 20 ; + 3.7° (c = 1.02. CHCy 

Reference example 13 

40 Production of (S)-2- C {4-chlorophenyl)methyl ) -1 ^cetyloxy-3-methanesutfonyloxypropane 

[0058] To 630.7 ml of toluene, 60-68g of (R>2- ( (4-cNorophenyl) methyl ] -3-acetyIoxy-1 -propand obtained in Refer- 
ence example 10 were dissolved. Under ice cooling. 30.36g of triethyiamine were added to the solution. Then. 31.50g 
of methanesulfonyl chloride were dropped into the solution and stirred for 1 hour. After the reaction was completed. 
45 ethyl acetate was added to the reaction mixture, followed by washing with a 2N sulfuric acid, a saturated sodium hydro- 
gen carbonate aqueous solution and a saturated sodium chloride aqueous solution, and dried with sodium sulfate anhy- 
dride. The- solvent was removed under reduced pressure so as to obtain 76.1 9g of (S)-2- [ (4-ch!orophenyl)matriyi 
acetyloxy-3HnethanesuHonyloxypropane. 

so 1 H-NMR (400MHz. CDCI 3 ) 6 ppm : 2.08 (s, 3H), 2.30-2.42 (m. 1H), 2.71 (dd, J1=5.2 Hz, J2=7.6 Hz, 2H), 3.01 (s, 

3H), 4.02(dd, J1=6.8 Hz, J2=1 1.2 Hz, 1H), 4.11-4.19 (m. 2H), 4.21 (dd, J1=4.9 Hz, J2=9.8 Hz, 1H), 7.12 (d, J=8.3 
Hz, 2H). 7.29 (d. J=8.3 Hz. 2H) 
[<0 d 20 ; + 5.1° (c = 1.02, CHCI 3 ) 
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Reference example 14 

Production of (S) -2 -benzyl- 1 -acerylaxy-3- [ (p-toluenesutfonylaxy ] propane 

5 [0059] To 594 ml of methylene chloride, 59.35g of (R)-2-benzyl-3-acetyloxy-1-propanol (optical purity: 97.6 % e.e.) 
obtained in Reference example 7 were dissolved. To this solution, 30.4g of triethylamine were added under ice cooling, 
then, 52. 4g of p-toluenesuifdnyl chloride were added to the solution and stirred overnight After the reaction was com- 
pleted, ethyl acetate was added to the reaction mixture, followed by washing with a 2N sulfuric acid, a saturated sodium 
hydrogen carbonate aqueous solution and a saturated sodium chloride aqueous solution, and dried with sodium sulfate 

io anhydride. The solvent was removed under reduced pressure, and 75.20g of white crystal of (S)-2-benzyM -acetytoxy- 
3-[ (p-toluenesulfonyl)oxy] propane was crystallized by n-hexane-ethyl acetate. 

Melting point; 67.0~69.0°C 

1 H-NMR (400MHz, CDC^ ) 5 ppm : 1 .96 (s, 3H). 2.21-2.32 (m, 1 H). 2.46(s. 3H), 2.64 (dd. J1=4.9 Hz, J2=7.3 Hz, 
is 2H), 3.88-3.99 (m, 2H), 3.99-4.06 (m. 2H), 7.05 (d, Jl=16.4 Hz, 2H). 7.15- 7.26 (m, 3H), 7.34 (d, J1=8,3 Hz, 2H). 
7.77 (d, J1=8.3 Hz, 2H) 
(a] d 20 ; +5.2° (c= 1.01. CHCI3) 

Reference example 15 

) 20 

Production of (R)-24>enzyl-l-acetyloxy-3-methanesulfonyloxypropane 

[0060] The similar reaction of reference example 1 1 was repeated except that 10.41 g of (S)-2-benzyl-1 -acetyloxy-3- 
propanol obtained in Reference example 8 were used as a starting material, and I3.59g of (R)-2-benzyl-1-acetyloxy-3- 
25 methanesuKbnyloxypropane were obtained. The optical purity of the thus obtained (R)-2-benzyf-1 -acBtyloxy-3-meth- 
anesulfbnyioxypropane was measured in the same manner as described in Reference example 1 1 . Optical purity : 
98.5% e.a 

Example 1 

30 

Production of (S)-2-benzyl-3-methanesiJlfany!oxy-1-propanol 

[0061 1 To 1 20 ml of toluene, 1 4.31 g of (S)-2-benzyl-1 -acetyloxy-3-methanesulfbnyloxypropane obtained in Reference 
example 11 were dissolved. Under ice coofing. 20 rrd of ethanol containing 5.39g of potassium hydroxide were added 
38 to this solution and stirred tor 2 hours. After the reaction was completed, ethyl acetate was added to the reaction mix- 
ture, followed by washing with water and a saturated sodium chloride aqueous solution and dried with sodium sulfate 
anhydride. "The solvent was removed under reduced pressure and a residue was purified with sflica gel column chro- 
matography (n-hexane : acetone= 1 : 1) so as to obtain 1 1.26g of (S>-2-benzyl^-methanesulfc^oxy-1i3nDpanol. 

4C IRv cm 1 ;3550. 2900. 2350, 1495, 1455. 1350, 1175. 1040. 955. 840. 740. 700 

1 H-NMR(400MHz. CDCya ppm : 1.84(br s, 1H), 2.20~2.30(m, 1H), 2.67~2.B0(m. 2H), 3.05(s. 3H). 3.66{dd. 

Jl=6-8Hz, J2=11.2Hz. 1H), 3.76(dd, J2=11.2 Hz, J3=4.6 Hz. 1H) 4.25(dd, J4=5.6 Hz, J5-10.3 Hz, lH),4.36(dd, 

J5=10.3 Hz, J6=4.4 Hz. 1H), 7.19- 7.38(m, 5H) 

[a] d 20 ;-22.3« (c=1.02, CHCy 
46 Optical purity: 98.4% e.e. 

[0062] The optical purity of (S)-2-benzyl-3-methanesuitonyloxy-1 -prop anal was determined by thB following HPLC 
conditions: 

so Column: CHIRALPAK AD (0.45 mm x 25 cm) 

Eluant; n-hexane : 2-propanol= 9 : 1 

Wave length for detection; 254 nm 

Bution rate; 1 .0 ml/min. 

Column temperature; room temperature 
ss Bution time; (R)form:20.2 min., (S)form:17.0 min. 
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Example 2 

Production of (R)-2-benzyl-3-methanesulfonyloxy- 1 -propanol 

5 [0063] The similar reaction of Example 1 was repeated except that 14.3 1 g of (R)-2-benzyl-1 - acetyl oxy-3-methanesul- 
fbnytoxypropana obtained in Reference example 15 were used as a starting material, and 11.15g of (R)-2-benzyl-3- 
methanesulforryiaxy-1 -propanol were obtained. The optical purity of the thus obtained (R)-2-benzyl-3-methanesulfony- 
loxy-1-propanol was determined in the same manner as described in Example 1 . 

10 W d 20 ;122.2° (c=1 .02. CHCI3) 

Optical purity: 98.4% e.e. 

Example 3 

is Production of (S) -2-benzyl -3-methanesuifonyloxy- 1 -propano! 

[0064] To 130 ml of methanol, I2.89g of (S) -2 -benzyl-1 -acetyl oxy^-methanesutfc^yloxypropane obtained in Refer- 
ence example 1 1 were dissolved. Under ice cooling, 69 ml of a 2N potassium hydroxide aqueous solution were dropped 
Into the solution and stirred for 1 hour. After the reaction was completed, the solvent was removed under reduced pres- 
} 20 sure, and ethyl acetate was added, followed by washing with a 1 N hydrogen chloride, a saturated sodium hydrogen car- 
bonate aqueous solution and a saturated sodium chloride aqueous solution, and dried with sodium sulfate anhydride. 
The solvent was removed under reduced pressure and a residue was purified with silica gel column chromatography 
(n-hexane : acetone^ 1 : 1) so as to obtain 1 1.0g of (S>-2-benzyl-3-methanesuifonyloxy-1 -propanol. 

25 Example 4 

Production of (S) -2-benzyt -3 -methanesulfonyloxy-1 -propanol 

[0065] To 100 ml of toluene, 10.41g of (R)-2-benzyI-3-acetyloxy-1 propanol obtained in Reference example 7 were 
so dissolved. Under ice cooling, 6.07g of triethyi amine were added to the solution. Then, 6.30g of methanesulfonyi chloride 
were dropped into the solution and stirred for 2 hours. Then, 20 ml of ethanol containing 5.6 7g of potassium hydroxide 
were dropped into the solution under ice cooling and stirred for 1 hour. After the reaction was completed, the solution 
was washed with a saturated sodium chloride aqueous solution and dried with sodium sulfate anhydride. The solvent 
was removed under reduced pressure so as to obtain 1 l.30g of (S)-2-benzyl-3-methajiesulfbnyloxy-l -propanol. 

35 

Example 5 

Prediction of (S)-2-[C (3, 4-m ethyl en edioxy)phenyl } methyQ-3-methanesutfonyloxy-1 -propanol 

40 [0066] To 330 ml of methanol, 66.0 7g of (S)-2-{ ( (3, 4-methylenedioxy)phenyl ] methyi]-i -acetyloxy-3-methanesurfo- 
nylaxypropane obtained in Reference example 1 2 were dissolved. Under ice cooling. 200 ml of a 2N sodium hydroxide 
aqueous solution were dropped into the solution and stirred for 1 hour. After the reaction was completed, methanol was 
removed and t-butyl methyl ether was added, followed by washing with a saturated sodium chloride aqueous solution, 
and dried with sodium sulfate anhydride. The solvent was removed under reduced pressure so as to obtain 56.51 g of 

4$ (S}-2-{ [ (3. 4-methy lenedk>xy)phenyl ) rnethyl]-3-methanesulfbnyloxy- 1 -propanol. 

IRvcm" 1 ;3550, 2900. 1610, 1490, 1445, 1350. 1250, 1175. 1100. 1035, 935, 810, 775. 735 
1 H-NMR(400MHz, CDCydppm : 1.82(br s, 1H), 2.10-2.20(m, 1H), 2.62(dd, J1=5.4 Hz, J2=7_8 Hz, 2H), 3.02(s, 
3H), 3.61(dd. J1=6.8 Hz. J2=11.2 Hz, 1H), 3.71(dd, J1=4.4 Hz, J2=10.7 Hz, 1H), 4.21(dd, J1=5.9 Hz, J2=9.8 Hz, 
so lH),4_31(dd.Jl=4.6Hz,J2=9.8Hz, 1 H), 5-94(S, 2H), 6-63{d, J=8.3 Hz, 1H),6.68(S. 1 H), 6.74 (d, J=9.9Hz, 1H) 

[a] ^ ;-21 .6° (c=1 .02, CHCI3) 

Example 6 

55 Production of (S)-2- [ (4-chlorophenyl)methyl } -3-methanesuIfonyloxy-1 -propanol 

[0067] To 330 ml of methanol, 64. 1 6g of (S)-2- [ (4-chlorophenyl) methyl ] - 1 -acetyloxy-3-methanesuIfonyloxypropane 
obtained in Reference example 13 were dissolved. Under ice cooling, 200 ml of a 2N sodium hydroxide aqueous solo 
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tion were dropped into the solution and stirred for 1 hour. After the reaction was completed, methanol was removed and 
t-butyl methyl ether was added, followed by washing with a saturated sodium chloride aqueous solution and dried with 
sodium sulfate anhydride. The solvent was removed under reduced pressure. By crystallization using t-butyl methyl 
ether-cydohexane, 54.64g of white crystal of (S}-2- ( (4-cNorophenyl) methyl >3-methanesutoriyloxy-1-propanol were 
5 obtained. 

Melting point; 69.0-71 .0°C 

IRv cm' 1 ;3550, 2850. 1490. 1330. 1160. 1105. 1060. 960. 895. 845. 790. 755 

1 H-NMR(400MHz, CDCys ppm : 1 .9S(br s, 1 H), 2.12-2.22(01, 1H), 2.67(dd, J 1=5.4 Hz. J2=7.3 Hz, 2H). 3.02(s. 
io 3H>. 3.59(dd. J 1=6.6 Hz, J2=11.0 Hz, 1H) t 3.70(dd, J1=4.2 Hz. J2=11.0 Hz. 1H). 4.20(dd, J 1=5.6 Hz. J2=10.0 Hz, 
1H). 4.29(dd. Jl=4.4 Hz. J2=9.8 Hz. 1H). 7.13(d, J=8.3 Hz, 2H). 7.28{d, J=8.3Hz, 2H) 
[a] d 20 -26.9° (c=1.01, CHCI 3 ) 

Reference example 16 

15 

Production of (S)-2-benzyt-3-(p-toluenesuffonyl)oxy-1 -propano! 

[0068] To 362 ml of methanol, 72.49g of (S}-24jenzyI-1-acetylcocy-3<(p-taluenesulf6nyl)oxy) propane obtained in 
Reference example 14 were dissolved. Under ice cooling, 200 ml of a 2N sodium hydroxide aqueous solution were 
20 dropped into the solution and stirred lor 1 hour. After the reaction was completed, methanol was removed and t-butyl 
methyl ether was added, followed by washing with a saturated sodium chloride aqueous solution and dried with sodium 
sulfate anhydride. The solvent was removed under reduced pressure By crystallization using t-butyl methyl ether- 
cyclohexane, 58 J5g of white crystal of (S)-2-benzyl-3-{p-toluenesuHbnyl)oxy-1-propanol were obtained. 

25 Melting point; 57.0~59.Q°C 

IRv cm* 1 ,-3400. 2900. 1600. 1490, 1465, 1355, 1175, 1095, 1055, 1005, 920, 815, 750, 700, 
1 H-NMR(400MHz. CDCI3) 8 ppm : 1.73(br s. 1H), 2.05~2.15(m, 1H), 2.45(s, 3H), 2.54-2.68(m. 2H), 3.57(dd. 
J 1=6.6 Hz, J2=10.5 Hz. 1H). 3.65(dd. J1=4.6 Hz. J2=11.0 Hz. 1H), 4.00(dd. J1=5.4 Hz. J2=9.8 Hz. 1H). 4.10(dd. 
J1=4.4Hz, J2=9.8 Hz, 1 H). 7.08(d, J=7.3 Hz, 2H), 7.14~7.28(m, 2H), 7.34<d. J=8.3 Hz, 1H), 7.78(d, J=7.8 Hz, 1 H) 
[a] d 20 ;-1 8.8° (c= 1 .02, MeOH) 

Example 7 

Production of (R)-2-benzyi-3-methanesulfbnyioxypropionic acid 

35 

[0069] To 50 ml of toluene, 6.41 g of (S)-2-benzyl-3-methanesulfonyIoxy-1 -propano! obtained in Example 1 were dis- 
solved. To this solution. 45.2 mg of 44r^oxy-2^,6,6-tetramethylpif>eridine-1 -oxy, 5.30 ml of a 0.5M potassium bromide 
aqueous solution and 2.62 ml of a 0.5M trioctylmethylammonium chloride-toluene solution were added and stirred 
under ice cooling. To this reaction mixture, 48.8 ml of a sodium hypochlorite solution saturated with sodium hydrogen 

40 carbonate were added and vigorously stirred for 0.5 hour under ice cooling. After the reaction was completed, a water 
layer was recovered. To this water layer, toluene and a 2N sulfuric acid were added and the toluene layer was recov- 
ered. The toluene layer was washed with a 1 N hydrochloric acid and a saturated sodium chloride aqueous solution and 
dried with sodium sulfate anhydride. The solvent was removed under reduced pressure and a residue was purified with 
silica gel column chromatography (n-hexane : acetone : acetic acid= 60 : 40 : 1) so as to obtain 4.98g of white crystal 

45 of (R)-2-benzyl-3-meihanesulfDnylQxypropionic acid. 

Melting point; 70.0-72.0*0 

IRv cm* 1 ;3025. 2350, 1700, 1455. 1345, 1175, 975. 800, 740. 700 1 H-NMR(400MHz, CDCI^ppm :2.15~2_95(m, 
1H), 2.99(s, 3H). 3.08~3.18{m, 2H) 4.31(d, J=5.4Hz, 2H), 7.12~7.36(m. 5H) 9.50(br s. 1H) 
50 [o] d 20 ;-12.e 9 (c=1.01,CHa 3 ) 
Optical purity: 98.2% e.e. 

[00701 The optical purity of (R)-243enzyf^-niethanesuffonyloxyprop!onic acid was determined by the following HPLC 
conditions: 

55 

Column: CHIRALPAK AD(0.45 mm x 25 cm) 

Suant; n-hexane : 2-propand : triiluoroacetic acid= 900:100:1 

Wave length for detection; 254 nm 
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Button rate; 1.0 mtfmin. 

Column temperature; room temperature 

Elution time; (R)form27.7 min., (S)fbrm:1 9.1 min. 

5 Example 8 

Production of (S)-2-benzy1-3-methanosuffonyloxypropionic acid 

[0071] The similar reaction of Example 7 was repealed except that 6. 41g of (R)-2-benzyl-3-methanesulfonyIoxy-1- 
10 propanol obtained in Example 2 were used as a start in g material, and 4.91 g of white crystal of (S)-2-bertzyt-3-meth- 
anesidfonyioxypropionic acid were obtained. The optical purity of the thus obtained (S)-2^enzyt-3-methanesuHony1oxy- 
propionic acid was measured in the same manner as described in Example 7. 

[aJd 20 :12.7° (c=1.01. CHCI3) 
15 Optical purity: 98.2% ae. 

Example 9 

Production of (R)-2-benzyl-3-methanesulfonyloxypropionic acid 

[0072] To 48.9 ml of acetone, 4.89g of (S)-2-benzyl-3-methanesulfbnyloxy-l-propanol obtained In Example 1 were 
dissolved. Into this solution, Jones reagent was dropped under Ice cooling. After the reaction was completed, excessive 
Jones reagent was decomposed by adding isopropyl alcohol and the solvent was removed. A residue was dissolved in 
ethyl acetate, washed with a saturated sodium chloride aqueous solution and dried with sodium sulfate anhydride The 
solvent was removed under reduced pressure and the residue was purified with silica gel column chromatography (n- 
hexane : ethyl acetate : acetic acid= 40 : 80 : 1) so as to obtain 3.60g of white crystal of (R)-2-benzyl-3-methanesulfo- 
nyloxypropionic acid. 

Example 10 

90 

Production of (R)-2r[ [ (3, 4-methyleneo5oxy)phenyl 3 methyi3-3HTiethanesulfonytoxypropionic acid 

[0073] To 50.0 ml of acetone, 5.00g of (S)-2-[ ( (3, 4-m ethyl enedioxy)phenyl ) methyT}-3-methanesurfonyIaxy-1 -propa- 
nol obtained in Example 5 were dissolved. Into this solution, Jones reagent was dropped under ice cooling. After the 
reaction was completed, excessive Jones reagent was decomposed by adding Isopropyl alcohol and the solvent was 
removed under reduced pressure. Tertiary butyl methyl ether and distilled water were added to the residue. After stir- 
ring, a t -butyl methyl ether layer was recovered and a saturated sodium hydroxide aqueous solution was added thereto 
and stirred. The water layer was recovered and t-butyl methyl ether was added thereto. Into this solution, a 6N sulfuric 
acid was dropped under ice cooling so that the wafer layer became acidic. The t-butyl methyl ether layer was recovered 
and washed with a saturated sodium chloride aqueous solution and dried with sodium sulfate anhydride. The solvent 
was removed under reduced pressure and the residue was purified with silica gel column chromatography (n-hexane : 
ethyl acetate : acetic acid= 1 00 : 1 00 : 1) so as to obtain 3.50g of white crystal of (R)-2-[ C (3, 4-methylenedioxy) phenyl ] 
methyn-3-methanesulfonyloxypropionk: add. 

45 IRvcm" 1 2950, 2750. 1715, 1610, 1490, 1445, 1355, 1250, 1175, 1100, 1035. 965, 815. 730 

1 H-NMR(400MHz. CDCI3 )S ppm : 2.75~2.90(m, 1 H). 302{s. 3H), 3.05~3.15(m. 2H) 4.32(d. J=4.9Hz. 2H), 5.95(S. 
2H), 6.65(dd, J 1=2.0 HZ, J2=7_8 Hz, 1H), 6.68(d. J=2.0 Hz, 1H), 6.75(d, J=7. 8 Hz, 1 H) 

M d 20 :-9-cr (c=i.02, chci 3 ) 
so Example 11 

Production of (R)-2- ( (4^orophenyl)methyl ] ♦3-methanesuHonyloxypropionic acid 

[0074] To 100.0 ml of acetone, lO.OOg of (S)-2- [ (4-chJorophenyl) methyl ] -3-methanesLdfonyIaxy-1 -propanol 
ss obtained in Example 6 were dissolved. Into this solution, Jones reagent was dropped under ice cooling. After the reac- 
tion was completed, excessive Jones reagent was decomposed by adding isopropyl alcohol, and the solvent was 
removed under reduced pressura Tertiary butyl methyl ether and distilled waler were added to the residue. After stir- 
ring, t-butyl methyl ether layer was recovered and a saturated sodium hydroxide aqueous solution was added thereto 
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and stirred. The water layer was recovered and t-butyl methyl ether was added thereto. Into this solution, a 6N sulfuric 
acid was dropped under ice cooling so that the water layer became acidic. The t-butyl methyl ether layer, was recovered, 
washed with a saturated sodium chloride aqueous solution and dried with sodium sulfate anhydride. The solvent was 
removed under reduced pressure. By crystallization using t-butyl methyl elher-cydohexane, 6.20g of white crystal of 
5 (R)-2- ( (4-cWorophenyl)methyl ] -3-methanesulfanyloxypropionic acid were obtained. 

Melting point: 107.0-1 09.0°C 

IRv cm 1 3025, 2650. 1700. 1495. 1415. 1345. 1225. 1 175. 1090. 990. 965. 910. 890, 815, 725 
1 H-NMR(400MRz, CDCIa)* ppm : 2.80~2.94(m, 1 H), 3.02(s, 3H). 3.05~3.15(m, 2H) 4.32(d, J=5.4 Hz, 2H), 7.15Cd, 
10 J =8.3 Hz. 2H). 7.30(d. J=8.3 Hz. 2H) 

[<*] d 20 ;*4-2 • (c=i.oo. CHcy 

Example 12 

is Production of (R)-2-benzy1-3 ( (p-tol uenesulfonyljoxy } propionic acid 

[0075] To 20.0 ml of acetone, 2.00g of (S)-2-benzyl-3-(p-toluenesurfonyl) oxy-1 -propanol obtained in Reference exam- 
ple 16 were dissolved. Into this solution, Jones reagent was dropped under ice cooling. After the reaction was com- 
pleted, excessive Jones reagent was decomposed by adding isopropyl alcohol, and the solvent was removed under 
reduced pressure. Tertiary butyl methyl ether and distilled water were added to the residua After stirring, the t-butyl 
methyl ether layer was recovered and a saturated sodium hydroxide aqueous solution was added thereto and stirred. 
The water layer was recovered and t-butyl methyl ether was added thereto. To this solution, a 6N sulfuric acid was 
dropped under ice cooling so thai the water layer became acidic. The t-butyl methyl ether layer was recovered, washed 
with a saturated sodium chloride aqueous solution and dried with sodium sulfate anhydride The solvent was removed 
under reduced pressura By crystallization using t-butyl methyl ether-cyclohexane, 1 .23g of white crystal of (R)~2-ben- 
zyl-3- C (p-toluenesulfbnyl)oxy ) propionic acid were obtained. 

Melting point 103.0-1 Q5.0°C 

IRv cm* 1 ;3000, 2600, 1705, 1600, 1495. 1455, 1425, 1355. 1270, 1180, 1095. 980, 930, 815 
30 1 H-NMR(400MHz. CDCyS ppm : 2.45(s. 3H), 2.78~2.90(m. 1H), 2. 95~3.07(m. 2H) 4.12(d. J=5.4 Hz. 2H). 

7.08(dd, J1=1.7 Hz, J2-7.6 Hz, 2H), 7.20~7.30(m, 3H), 7.32(d, J=8.3 Hz, 2H), 7.75(d, J=8.3 Hz, 2H), 8.70 (br s, 
1H) 

[a] j 20 ;-8.3 ° (0=1.01, CHCI3) 
35 Reference example 17 

Production of (R)-2-benzyl-3-hydroxypropionic acid 

[0076] To 10 ml of acetone, 590 mg of (S)-2-benzyl-3-acety!oxy-1 -propanol obtained in Reference example 8 were 
40 Dissolved- Into this solution. Jones reagent was dropped under ice cooling. After stirring at room temperature for 2 
hours, excessive Jones reagent was decomposed by adding isopropyl alcohol, and the solvent was removed under 
reduced pressura The residue was dissolved in ethyl acetate, washed with a saturated sodium chloride aqueous solu- 
tion and dried with sodium sulfate anhydride. The solvent was removed under reduced pressure and the residue was 
dissolved in 10 ml of methanol. To this solution, 8 ml of a IN potassium carbonate aqueous solution were added under 
45 ice cooling and stirred overnight at room temperature. After the reaction was completed, the solvent was removed under 
reduced pressure. To a residua ethyl acetate was added, washed with a 1 N hydrogen chloride and a saturated sodium 
chloride aqueous solution and dried with sodium sulfate anhydride. The solvent was removed under reduced pressure 
and the residue was re-crystallized by ether-n-hexane so as to obtain 305 mg of white crystal of (R)-2-benzyi-3-hydrox- 
ypropionic acid. 

50 

Melting point; 67.5~68.5°C 

1 H-NMR(400MHz, CDCI 3 )5 ppm : 2.75~2.93(m. 2H). 2.97~3.13{m. 1H) 3.60~3.85(m. 2H) 5.14(br a 2H). 
7.06~7.34(m, 5H) 
[a] d 20 ;+13.9° (c=0.97, CHCI3) 
55 Optical purity: 98.0% e.a 

[0077] The optical purity of (R)-2-berizyl-3-hydroxypropionic acid was determined by the following HPLC conditions: 
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Column: CHIRALPAK AD (0.45 mm x 25 cm) 
Eluant; n-hexane : 2-propanol : trffluoroacetic acid= 1000:40:1 
Wave length far detection; 254 run 
Button rate; 0.5 ml/min. 
5 Column temperature; room temperature 

Elution time; (R)form:61.6 min., (S)form:58.8 min. 

Reference example 16 

10 Production of (S)-2*enzyl-3-hydroxypropionic acid 

[0078] The similar reaction of Reference Example 1 7 was repeated except that 590 mg of (R)-2-benzyt-3-acetyloxy- 
1-propanol obtained in Reference example 7 were used as a starting material, and 301 mg of white crystal of (S)-2-ben- 
zyi-34Tydroxypropioruc acid were obtained. The optical purity of the thus obtained (S)-2-benzyl-3-hydroxypropionic acid 
is was determined in the same manner as described in Reference example 1 7. 

[aJd 20 ;-13.9° (C=0.97, CHCy 
Optical purity: 98.5% e.e. 

} zo Example 13 

Production of (R)-2-ben2yl-3-methanesulfonyioxypropionic acid 

[0079] To 1 .8 ml of ethyl acetate. 1 80 mg of (R)-2-benzyl-3-hydroxypropionic acid obtained in Reference example 1 7 
25 were dissolved. To this solution, 202 mg of triethyiamine were added. Under ice cooling, 126 mg of methanesulfonyl 
chloride were dropped, and stirred overnight at room temperature. After the reaction was completed, ethyl acetate was 
added, washed with a 1 N hydrogen chloride, a saturated sodium hydrogen carbonate aqueous solution and a saturated 
sodium chloride aqueous solution and dried with sodium sulfate anhydride. The solvent was removed under reduced 
pressure, followed by purifying the residue with silica gel column chromatography (n-hexane ; ethyl acetate ; acetic 
so adct= 40 : 60 : 1), thereby obtaining 230 mg of white crystal of (R)-243enzyl^-methanesulfonyloxypropionic acid. 

Example 14 

Production of (S)-2*enzyl-3^ethanesuifonyloxypropionic acid 

35 

[0080] The similar reaction of Example 1 3 was repeated except that 1 80.2 mg of (S)-2-benzyl-3-hydroxypropionic acid 
obtained in Reference example 18 were used as a starting material, and 228 mg of white crystal of (S)-2-benzyl-3- 
methanesulfbnyloxypropionic acid were obtained. 

40 Example 15 

Production of (S)-2-benzyl-3-acetylthiopropionic acid 

[0081] To 2 ml of methanol, 228 mg of sodium methoxide were suspended. Into this suspension, 305 mg of thioacetic 
. 45 acid were dropped and stirred for 30 min. at room temperature. To this solution, 7.5 ml of a methanol solution containing 
517 mg of (R}-2-benzyl^-metrianesulfbnyJoxypropionic acid obtained in Example 7 were added and stirred overnight 
at room temperature. After the reaction was completed, water was added and methanol was removed under reduced 
pressure. Ethyl acetate was added and washed with a 1 N hydrogen chloride and a saturated sodium chloride aqueous 
solution. After drying with sodium sulfate anhydride, the solvent was removed under reduced pressure, followed by puri- 
50 fying the residue with siDca gel column chromatography (n-hexane : acetone : acetic acid=> 70 : 30 : 1), thereby obtaining 
410 mg of (S)-2*enzyl-3-acetyltrwx3ropionic acid. 

1 H-NMR(400MHz, CDC^S ppm : 2.33{s, 3H), 2.87~3.16(m, 5H), 7. 14~7.34{m, 5H) 9.00<br s, 1H) 
M d 20 ;+36.1° (c=1.00. MeOH) 
5S Optical purity: 98.2% e.e. 

[0082] The optical purity of (S)-2-benzyf -3-acetylthiopropionic acid was determined by the following HPLC conditions: 
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Column: CHIRALPAK AD(0.45 mm x 25 cm) 
Buant; n-hexane : 2-propanol : trifluoroacetic acid= 90:10:1 
Wave length for detection; 254 nm 
Elution rate: 0.5 rrU/min. 
5 Column temperature; room temperature 

Elution time; (R)form:18.2 m*m., (S)form:20.9 min. 

Example 16 

10 Production of (R)-2-benzyl-3-acetylthiopropionic acid 

[0083] The similar reaction of Example 15 was repeated except that 51 7 mg of (S)-2-benzyl-3-methanesUfonylaxy- 
propionic acid obtained in Example 8 were used as a starting material, and 408 mg of (R)-2-benzyl-3-acety1thbprcpi- 
onic acid were obtained. The optical purity of the thus obtained (R)-2-benzyi-3-acetylthioprcpionic acid was determined 
is in the same manner as described in Example 15. 

[a] d 20 ^36.1° (c=1.Q0, MeOH) 
Optical purity: 98.1% ae. 

} so Example 17 

Production of (S)-2-benzyl-3-acetylthioproptanic acid 

[00841 To 1 .5 ml of methanol, 405 mg of triethylamine were dissolved. Into this solution, 305 ml of thioacetic acid were 
25 dropped and stirred far 30 min. at room temperature. To this solution, 2.2 ml of a methanol solution containing 517 mg 

of (R)-2^enzyl-3-methanesiilfonyloxypropionic acid obtained in Example 7 were added and stirred overnight at room 

temperature After the reaction was completed, water was added and methanol was removed under reduced pressure. 

Ethyl acetate was added and washed with a 1 N hydrogen chloride and a saturated sodium chloride aqueous solution. 

After drying with sodium sulfite anhydride, the solvent was removed under reduced pressure, followed by purifying the 
30 residue with silica gel column chromatography (n-hexane : acetone : acetic acid= 70 : 30 : 1), thereby obtaining 396 mg 

of (S)-2-benzyl-3-acetyimiopropionic acid. 



Example 18 



as Production of (S)-2^enzyl-3-acetylthiopropionic acid 

[00851 lb 1 0 ml of methanol, 3.00g of potassium carbonate were suspended. To this suspension, 1 .65g of thioacetic 
ado* were dropped and stirred for 30 min. under ice cooling. To this solution, 26.5 ml of a methanol solution containing 
4.65g of (R)-2-benzyl-3-methanesutfonylGxypropionic acid obtained in Example 7 were added and stirred for 18 hours 
40 at room temperature. After the reaction was completed, water was added and methanol was removed under reduced 
pressure. Ethyl acetate was added and washed with a IN hydrogen chloride and a saturated sodium chloride aqueous 
solution. After drying with sodium sulfate anhydride, the solvent was removed under reduced pressure, followed by puri- 
fying the residue with silica gel column chromatography (n-hexane : acetone : acetic arid- 70 : 30 : 1), thereby obtaining 
3.83g of (S)-2^enzyl-3^cetyltriiopropionic acid. 

45 

Example 19 



Production of (S) -2 -benzyl-3 -acetyl thiopropionic add 

so [0086] To 3.0 ml of methanol, 508 mg of potassium thioacetate were suspended and stirred for 30 min. at room tem- 
perature, lb this solution, 2.2 ml of a methanol solution containing 51 7 mg of (R) -2-ben2yl-3-methanesulfonyloxypropi- 
onic add obtained in Example 7 were added and stirred overnight at room temperature. After the reaction was 
completed, water was added and methanol was removed under reduced pressure. Ethyl acetate was added and 
washed with a 1 N hydrogen chloride and a saturated sodium chloride aqueous solution. After drying with sodium sulfate 

55 anhydride, the solvent was removed under reduced pressure, followed by purifying the residue with silica gel column 
chromatography (n-hexane : acetone : acetic acids 70 : 30 : 1), thereby obtaining 401 mg of (S)-2-benzyl-3-acetyfthio- 
propionic acid. 
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Industrial Applicability 

[0087] An optical active 2-aralkyl-3-sutfonyloxy-1 -propanol and an optical active 2^raIM-3-sulfonyloxypropionic acid, 
which are sulfonic acid ester derivatives, produced according to the present invention are novel. These compounds can 
5 be produced in an industrial scale with high yield using as a raw material an optical active 2-aralkyi-3-acyloxy-1 -propa- 
nol, which is easy to be produced. Furthermore, an optical active 2-aralkyl-3-sulfonyloxypropfonic acid can be con- 
verted easily into an optical active 2-aralkyl-3-thiopropionic acid, which is an important intermediate of enkephafinase 
inhibitor, by reacting with a tnio-compound. 

10 Claims 

1. An optical active 2-aralkyl-3-suHbnyloxy-1 -propanol having the following general formula (1): 



15 



S20 



25 



45 




( 1 ) 



wherein Ar is an aryl group that maybe substituted and R t Is methyl group, ethyl group, n-propyl group, isopropyl 
group, benzyl group, p-chlorophenyl group, p-bromophenyl group, p-methoxyphenyl group, o-nitrophenyi group, m- 
nitrophenyl group, p-nitrophenyl group or 1-naphthyl group. 

2. The optical active 2-araIkyl-3-sulfonyloxy-l -propanol according to claim 1, wherein Ar is a phenyl group that may 
be substituted or a naphthyl group that may be substituted. 

3. The optical active 2-araJkyl-3-sutforryloxy-1 -propanol according to claim 1, wherein Ar is a phenyl group that may 
$o be substituted with alky! group, substituted alky! group, alkoxy group, substituted alkoxy group or halogen atom. 

4. The optical active 2-aralkyl-3-surfonytoxy- 1 -propanol according to claim 1 , wherein Ar Is a phenyl group. 

5. The optical active 2-aralty-3-suHonyloxy-1 -propanol according to claim 1 . 2. 3 or 4. wherein R 1 is a methyl group. 

35 

G. The optical active 2-aralkyl-3-sulfonyloxy-1 -propanol according to daim 1 , wherein Ar is a phenyl group and is 
a rnethyl group. 

7. A method for producing an optical active 2-aralkyl-3-sulfonylaxy-1 -propanol having the following general formula 

40 (1): 




{ 1 ) 



wherein Ar is an aryl group that may be substituted and R, is an alkyl group that may be substituted or an aryl group 
that may be substituted, which comprises hydrolyzing, in the presence of a base, an optical active 2-aralkyl-1-acy- 
!oxy-3-sutfonyloxypropane having the following general formula (2): 



55 
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( 2 ) 



wherein Ar is an aryl group that may be substituted, is an alky! group that may be substituted or an aryi group 
that may be substituted and R2 is a linear or branched alkyl group that may be substituted, a linear or branched 
alkertyl group that may be substituted or an aryl group that may be substituted. 

a. The method according to daim 7, wherein Ar is a phenyl group that may be substituted or a naphthyl group that 
may be substituted. 

9. Trie method according to claim 7. wherein Ar is a phenyl group that may be substituted with alkyl group, substituted 
alkyl group, aikoxy group, substituted alkoxy group or halogen atom. 

1 0. The method according to daim 7, wherein Ar is a phenyl group. 

11. The method accorcfing to claim 7, 8, 9 or 10, wherein R-, is methyl group, ethyl group, n -propyl group, isopropyl 
group, benzyl group, p-chlorophenyl group, p-bromophenyl group, p-rnethoxyphenyl group, o-nrtropherryi group, m- 
nitrophenyl group, p-nitrophenyl group or 1 -naphthyl group. 

12. The method according to claim 7. 8, 9, 10 or 11, wherein is a methyl group. 

1 3. The method according to daim 7. wherein Ar is a phenyl group and R 1 is a methyl group. 

14. An optical active 2-aralkyl-3-suIfonyIoxypropionic add having the fallowing general formula (3): 



( 3 ) 




wherein Ar is an aryl group that may be substituted and is an alkyl group that may be substituted or an aryl group 
that may be substituted. 

15. The optical active 2-aralky1-3-suffonyioxyprcpbnic acid according to daim 14, wherein Ar is a phenyl group that 
may be substituted or a naphthyl group that may be substituted. 

16. The optical active 2-aralkyt-3^urfbnyloxypropionic acid according to daim 14, wherein Ar is a phenyl group that 
may be substituted with alkyl group, substituted alkyl group, alkoxy group, substituted aJkoxy group or haJogen 
atom. 

17. Trie optical active 2-araJkyl-3-sulf6rrylaxypropionic add according to daim 14. wherein Ar is a phenyl group. 

18. The optical active 2-araIkyl-3^utforrytoxyproptorrc acid according to claim 14, 15, 16 or 17, wherein is methyl 
group, ethyl group, n-propyl group, isopropyl group, benzyl group, phenyl group, p-methytphenyl group, p-chloroph- 
enyl group, p-bromophenyl group, p-methoxyphenyi group, o-nitrophenyl group, m-nitrophenyl group, p-nrtrophenyl 
group or 1 -naphthyl group 
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19. The optical active 2-aralky^3-sulfonyloxypropiorBC acid according to claim 14, 15. 16. 17 or 18. wherein R t is a 
methyl group. 

20. The optical active 2-aralkyt-3-sulfonyloxypropionic acid according to claim 14. wherein Ar is a phenyl group and B t 
5 is a methyl group. 

21 . A method for producing an optical active 2-aralky1-3-sutfonyloxypropionic acid having the following general formula 
(3): 

10 

0^ ^Ri 



15 




i 20 wherein Ar is an aryl group that may be substituted and is an alkyl group that may be substituted or an aryl group 
that may be substituted, which comprises oxidizing an optical active 2-araiky1-3-SLilfonyloxy-1 -propanol having the 
following general formula (1): 



25 




C 1 ) 



30 

wherein Ar is an aryl group that may be substituted and R 1 is an alkyl group that may be substituted or an aryl group 
that may be substituted. 

35 22. The method according to claim 21, wherein Ar Is a phenyl group that may be substituted or a naphthyl group that 
may be substituted. 

23. The method according to claim 21 , wherein Ar is a phenyl group that may be substituted with alkyl group, substi- 
tuted alkyl group, aikoxy group, substituted altaxy group or halogen atom. 

40 

> 24. The method according to claim 21 . wherein Ar is a phenyl group. 

25. The method according to daim 21, 22, 23 or 24. wherein Rj is methyl group, ethyl group, n-propyt group, isopropyi 
group, benzyl group, phenyl group, p-methylphenyl group, p-chlorophenyl group, p4>rorrophenyl group, p-methox- 

45 yphenyl group, o-nitrophenyl group, m-nitrophenyl group, p-nitrophenyl group or 1 -naphthyl group. 

26. The method according to claim 21 , 22, 23, 24 or 25, wherein R«i is a methyl group. 

27. The method according to claim 21 , wherein Ar is a phenyl group and R 1 is a methyl group. 

so 

28. A method tor producing an optical active 2-araIkyl^-suffonyloxypropionic acid having the following general formula 
(3): 



55 
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30 



35 



0^ ^.R. 

n^ $ ^0 (3) 
^COOH 

wherein Ar is an aryl group that may be substituted and R-| is an alkyl group that may be substituted or an ary! group 
that may be substituted, which comprises reacting an optical active 2-aralM-3-hydroxypropionic acid having the 
following general formula (4): 

OH ( 4 ) 

COOH 




wherein Ar is an aryl group that may be substituted, with a sulfonic acid halide having the following general formula 
(5): 

0 
II 

R«— S — X C 5 ) 



wherein ^ is an alkyl group that may be substituted or an aryl group that may be substituted and X is a halogen 
atom. 

29. The method according to claim 28, wherein Ar is a phenyl group that may be substituted or a naphthyl group that 
«. . may be substituted. 

30. The method according to claim 28 r wherein Ar is a phenyl group that may be substituted with alkyl group, substi- 
40 tuted alkyl group, alkoxy group, substituted alkoxy group or halogen atom. 

31 . The method according to claim 28, wherein Ar is a phenyl group. 

32. The method according to daim 28, 29, 30 or 31 , wherein is methyl group, ethyl group, n-propyl group, isopropyi 
45 group, benzyl group, phenyl group, p-methylphenyl group, p-chlorophenyl group, p-bromophenyl group, p-methax- 

yphenyl group, o-nitrophenyl group, m-nitrophenyl group, p-nitrophenyl group or 1 -naphthyl group. 

33. The method according to claim 28, 29, 30, 31 or 32, wherein R-j is a methyl group. 

so 34. The method according to claim 28, wherein Ar is a phenyl group and R, Is a methyl group 

35. A method for producing an optical active 2-araJkyl-3-thiopropionic acid having the following general formula (8): 
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10 



15 



Ar. 




( 8 ) 



COOH 



wherein Ar is an aryl group that may be substituted and R3 is an aikyl group that may be substituted, an acyl group 
that may be substituted or an aryl group that may be substituted, which comprises reading an optical active 2- 
araJkyl-3^ut1bnylaxypropionic acid having the following general formula (3): 

O^-^O (3) 



) 20 Ar. 




COOH 



25 wh erein Ar is an aryl group that may be substituted and R 1 is an afkyl group that may be substituted or an aryl group 
that may be substituted, with a thio-compound having the following general formula (7): 

Ra-S-Y (7) 

ao wherein R3 is an alkyl group that may be substituted, an acyl group that may be substituted or an aryl group that 
may be substituted and Y is a hydrogen atom or an alkali metal atom. 

36. The method according to claim 35, wherein Ar is a phenyl group that may be substituted or a naphthyl group that 
may be substituted. 

as 

37. The method according to claim 35, wherein Ar is a phenyl group that may be substituted with alkyl group, substi- 
tuted alkyl group, alkoxy group, substituted aikoxy group or halogen atom. 
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38. The method according to claim 35, wherein Ar is a phenyl group. 

39. The method according to claim 35, 36, 37 or 38, wherein R 3 is an acyl group that may be substituted. 

40. The method according to claim 35, 36, 37, 38 or 39, wherein R 3 is an acetyl group. 

4S 41. The method according to claim 35. wherein Ar is a phenyl group and R 3 is an acetyl group. 



so 
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